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&RQFUHWHDQG&RQFUHWH6WUXFWXUHV&RQIHUHQFH
([SHULPHQWDO,QYHVWLJDWLRQRI0HFKDQLFDO3URSHUWLHVRI8+3)5&
3HWU0iFDD5DGRVODY6RYMiND7RPiã9DYĜLQtND
D&]HFK7HFKQLFDO8QLYHUVLW\LQ3UDJXH7KDNXURYD3UDJXH&]HFK5HSXEOLF
$EVWUDFW
7KLVSDSHUGHVFULEHVH[SHULPHQWDOLQYHVWLJDWLRQVRIYDULRXVPHFKDQLFDOSURSHUWLHVRI8OWUD+LJK3HUIRUPDQFH)LEHU5HLQIRUFHG
&RQFUHWH8+3)5&7KH8+3)5&LVDPRGHUQFHPHQWLWLRXVFRPSRVLWHFRQWDLQLQJDODUJHDPRXQWRIFHPHQWERWKUHDFWLYHDQG
QRQUHDFWLYH YHU\ ILQH SDUWLFOHV FKHPLFDO DGPL[WXUHV DQG VKRUW KLJK VWUHQJWK VWHHO ILEHUV 7KLV W\SH RI FRQFUHWH KDV VXSHULRU
GXUDELOLW\DQGH[FHOOHQWPHFKDQLFDOSURSHUWLHV,QWKLVSDSHUDQ8+3)5&FRQWDLQLQJRIILEHUVE\YROXPHZLWKDFRPSUHVVLYH
VWUHQJWK H[FHHGLQJ  03D LV SUHVHQWHG ,Q WKLV VWXG\ GHWDLOHG GHVFULSWLRQV RI WKH PHDVXUHPHQWV RI FRPSUHVVLYH VWUHQJWK
EHQGLQJVWUHQJWKGLUHFWWHQVLOHVWUHQJWKIUDFWXUHHQHUJ\DQGPRGXOXVRIHODVWLFLW\DUHJLYHQ7KHVWXG\SURYLGHVDFRPSDULVRQRI
WKHDERYHPHQWLRQHG8+3)5&SURSHUWLHVZLWKKLJKSHUIRUPDQFHFRQFUHWHILEHUUHLQIRUFHGFRQFUHWHDQGFRQYHQWLRQDOVWUXFWXUDO
FRQFUHWH7KHUHVXOWVLQGLFDWHH[FHOOHQWSHUIRUPDQFHRI8+3)5&LQDOOFDWHJRULHV7KHELJJHVWGLIIHUHQFHWRRUGLQDU\FRQFUHWHV
FDQ EH VHHQ LQ WHQVLOH EHKDYLRU ZKHUH LWV UHVSRQVH LQ WHQVLRQ H[KLELWV VWUDLQ KDUGHQLQJ DFFRPSDQLHG ZLWKPXOWLSOH FUDFNLQJ
IROORZHG E\ WHQVLOH VRIWHQLQJ7KH GLUHFW WHQVLOH VWUHQJWKRI WKH VWXGLHGPDWHULDO LV 03D DQG LWV IUDFWXUH HQHUJ\ LV  WLPHV
KLJKHU WKDQ WKDW RI FRQYHQWLRQDO ILEHU UHLQIRUFHG FRQFUHWH ,W LV EHOLHYHG WKDW VXFK W\SH RIPDWHULDO LV WKH IXWXUH RI FRQFUHWH
LQGXVWU\LWZLOODOORZH[HFXWLQJKLJKHUPRUHHIIHFWLYHVWUXFWXUHVZLWKH[FHOOHQWGXUDELOLW\

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,QWURGXFWLRQ
,QFUHDVLQJUHTXLUHPHQWVIRUORDGEHDULQJFDSDFLW\GXUDELOLW\VDIHW\DQGVHFXULW\RIFRQFUHWHVWUXFWXUHVSXVKLWV
GHYHORSPHQW VWLOO IXUWKHU +LJK ULVH EXLOGLQJV DQG RWKHU VWUXFWXUHV RI VWUDWHJLF LPSRUWDQFH VXFK DV JRYHUQPHQW
EXLOGLQJVDQGWHOHYLVLRQWRZHUVKDYHEHFRPHDV\PERORIGHYHORSHGFLWLHVZRUOGZLGH1HZKLJKWHFKPDWHULDOVVXFK
DV+LJK3HUIRUPDQFH&RQFUHWH+3&DQG8OWUD+LJK3HUIRUPDQFH)LEHU5HLQIRUFHG&RQFUHWH8+3)5&DUHLGHDO
IRUDSSOLFDWLRQVZKHUHKLJKFRPSUHVVLYHDQGWHQVLOHVWUHQJWKVPDOO WKLFNQHVVDQGKLJKHQHUJ\DEVRUSWLRQFDSDFLW\
DUHUHTXLUHG7KHPDLQREVWDFOHLQWKHSUDFWLFDODSSOLFDWLRQRI+3&LV LWVEULWWOHEHKDYLRU%\ILEHUDGGLWLRQWRWKH
PL[WXUH WKLV FDQ EH SDUWLDOO\ RYHUFRPH +RZHYHU WKH DFKLHYHPHQW RI VWUDLQ KDUGHQLQJ EHKDYLRU ZLWK VWUDLQ
FDSDFLWLHV RIPRUH WKDQ  LV VWLOO YHU\ FKDOOHQJLQJ >@0RVW UHVHDUFKHUV XVH VKRUW VWHHO ILEHUV WR LPSURYH WKH
WHQVLOHEHKDYLRURI WKHFRPSRVLWH >@7KLVDSSURDFKZDVDOVRDGDSWHG LQ WKLV UHVHDUFK WRSUHSDUH WKH8+3)5&
PL[WXUHV

8OWUD KLJK SHUIRUPDQFH ILEHU UHLQIRUFHG FRQFUHWH 8+3)5& FDQ EH FKDUDFWHUL]HG DV D FRPSRVLWH FRQWDLQLQJ
ODUJHYROXPHRIVWHHO ILEHUV ORZZDWHUELQGHUUDWLRKLJKPLFURVLOLFDFRQWHQWDQGDEVHQFHRIFRDUVHDJJUHJDWHLH
ODUJHU WKDQPP >@ ,W KDV RXWVWDQGLQJPDWHULDO FKDUDFWHULVWLFV VXFK DV VHOIFRQVROLGDWLQJZRUNDELOLW\ YHU\KLJK
VWUHQJWKKLJKPRGXOXVRIHODVWLFLW\DQGORZSHUPHDELOLW\ZKLFKUHVXOWVLQH[FHOOHQWHQYLURQPHQWDOUHVLVWDQFH>@
7\SLFDO VWUHQJWKV DUH WR03D LQ FRPSUHVVLRQ DQG WR03D LQXQLD[LDO WHQVLRQ DV UHSRUWHGE\ > @
0RUHRYHUWKHVHPDWHULDOVH[KLELWVWUDLQKDUGHQLQJXQGHUWHQVLRQ>@KLJKHQHUJ\DEVRUSWLRQFDSDFLW\>@DQGKLJK
IUDFWXUH HQHUJ\ ,Q DGGLWLRQ WKH\ VKRZ LPSURYHG VWUXFWXUDO EHKDYLRU ZKHQ FRPSDUHG WR FRQYHQWLRQDO FRQFUHWH
&DYLOO DQG &KLUJZLQ >@ UHSRUWHG WKDW IRU D W\SLFDO EHDP WKH 8+3)5& VROXWLRQ UHTXLUHV OHVV WKDQ  RI WKH
PDWHULDOFRPSDUHGWRQRUPDOFRQFUHWH8+3)5&LVXVXDOO\FXUHGXVLQJSUHVVXUHRUHOHYDWHGWHPSHUDWXUH7KLVKHOSV
WR HQKDQFH LWV SURSHUWLHV E\ DFFHOHUDWLQJ WKH K\GUDWLRQ UHDFWLRQ RI WKH ELQGHU +RZHYHU WKLV LV QRW RQO\ HQHUJ\
H[SHQVLYH EXW LW DOVR OLPLWV WKH XVDJH RI 8+3)5& WR SUHFDVW HOHPHQWV SURGXFWLRQ 7KHUHIRUH WKH 8+3)5&
LQYHVWLJDWHGLQWKLVVWXG\LVDVHOIFRQVROLGDWLQJFRQFUHWHZLWKIDVWVWUHQJWKGHYHORSPHQWZKLFKGRHVQRWUHTXLUHKHDW
FXULQJRUVSHFLDOPL[LQJWHFKQLTXHV

7KLV SDSHU SURYLGHV DQ RYHUYLHZ RI PHFKDQLFDO SURSHUWLHV RI 8+3)5& LQ FRPSDULVRQ ZLWK QRUPDO VWUHQJWK
FRQFUHWH16&ILEHUUHLQIRUFHGFRQFUHWH)53DQGKLJKSHUIRUPDQFHFRQFUHWH+3&([SHULPHQWDOWHFKQLTXHVDV
ZHOO DV UHVXOWV IRUFRPSUHVVLYH VWUHQJWKEHQGLQJVWUHQJWKGLUHFW WHQVLOH VWUHQJWK IUDFWXUHHQHUJ\DQGPRGXOXVRI
HODVWLFLW\DUHGHVFULEHGLQWKLVSDSHU,QDGGLWLRQDEULHIPL[LQJSURFHGXUHDVZHOODVVDPSOHSUHSDUDWLRQLVSUHVHQWHG
7KHNH\SURSHUW\ IRUDSURSHU8+3)5&PL[WXUH LV LWVSDFNLQJGHQVLW\DQGPL[LQJSURFHGXUH&RPSDUHG WR16&
PXFKKLJKHUPL[LQJWLPHVDVZHOODVTXDOLW\FRQWURORIWKHLQJUHGLHQWVLVUHTXLUHG
0DWHULDOV
0L[HVRI+3&DQG8+3)5&
'XULQJ WKH PL[LQJ RI 8+3)5& LW LV YHU\ LPSRUWDQW WR DFKLHYH JRRG ZRUNDELOLW\ SDUWLFOH GLVWULEXWLRQ DQG
SDFNLQJ GHQVLW\ ,Q FRPSDULVRQ WR QRUPDO VWUHQJWK FRQFUHWH8+3)5& FRQWDLQVPRUH FRQVWLWXHQWV ILQHU SDUWLFOHV
DQGVKRUWKLJKVWUHQJWKVWHHOILEHUV8VXDOO\LWFRQWDLQVODUJHDPRXQWVRIFHPHQWLQH[FHVVRINJP6WHHOKLJK
VWUHQJWK 03D ILEHUVZLWK OHQJWKRIPPDQGZLWKDQDVSHFW UDWLRRIZHUHXVHG LQ WKHPL[WXUHV7KH
PL[WXUHVFRQWDLQHGRIILEHUVE\YROXPHZKLFKFRUUHVSRQGVWRNJP7KHILQDOPL[FRPSRVLWLRQLVSUHVHQWHG
LQ7DEOH$FFRUGLQJ WR WKHUHFRPPHQGDWLRQRIVHYHUDO UHVHDUFKHUV >@DOO ILQHGU\SDUWLFOHVZHUHPL[HG ILUVW
EHIRUH ZDWHU DQG KLJKUDQJH ZDWHU UHGXFHU +5:5 DGGLWLRQ 7KLV ZDV GRQH EHFDXVH VPDOO SDUWLFOHV WHQG WR
DJJORPHUDWHDQG LWZDVHDVLHU WREUHDN WKHVHFKXQNVZKHQ WKHSDUWLFOHVDUHGU\)LUVW VDQGDQGPLFURVLOLFDZHUH
PL[HGIRUPLQXWHVIROORZHGE\WKHDGGLWLRQRIFHPHQWDQGJODVVSRZGHUZKLFKZHUHPL[HGIRUDQRWKHUPLQXWHV
,Q WKH ILQDO VWHSZDWHU DQG+5:5¶VZHUH DGGHG WRPL[WXUH IROORZHG E\ VWHHO ILEHUVZHUH DSSOLFDEOH 7KH WRWDO
PL[LQJ WLPHZDV WKHUHIRUHPLQXWHV IRU+3&PL[WXUHVDQGPLQXWHV IRU8+3)5&7KHVKHDUDFWLRQRI ILEHUV
KHOSHG WRGHVWUR\ DQ\ UHPDLQLQJ DJJORPHUDWHV LQ WKH IUHVKPL[WXUH LPSURYLQJ LWVZRUNDELOLW\ LQ FRPSDULVRQZLWK
+3&
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7DEOH&RQFUHWHFRPSRVLWLRQLQNJP
&RPSRQHQW 16& )5& +3& 8+3)5&
&HPHQW&(0,5    
&HPHQW&(0,5    
:DWHU    
:DWHUUHGXFHU    
+LJKUDQJHZDWHUUHGXFHU    
$JJUHJDWHPP    
$JJUHJDWHPP    
)LQHVDQGPP    
)LQHVDQGPP    
6LOLFDIXPH    
*ODVVSRZGHU    
)LEHUVîPP    
)LEHUVîPP    
5HIHUHQFHPL[WXUHV
)RU WKHFRPSDULVRQSXUSRVHV WZR W\SHVRI UHIHUHQFHFRQFUHWHVZHUHGHVLJQHGQRUPDO VWUHQJWKFRQFUHWH 16&
DQGILEHUUHLQIRUFHGFRQFUHWH )5&7KHPL[WXUHVZHUHGHVLJQHGVRWKDW WKHWDUJHWFRPSUHVVLYHVWUHQJWKDIWHU
GD\V LV PRUH WKDQ  03D ZKLFK FRUUHVSRQGV WR WKH VWUHQJWK RI PRVW VWUXFWXUDO FRQFUHWHV XVHG LQ WKH &]HFK
5HSXEOLF %RWK W\SHV RI FRQFUHWH FRQWDLQ PRUH WKDQ  NJP RI FHPHQW 6WDQGDUGL]HG PL[LQJ WHFKQLTXHV DQG
ODUJHUPL[HUVZHUHXWLOL]HGIRUWKHVHW\SHVRIFRQFUHWHV'XHWRWKHVL]HRIKDUGHQHGVDPSOHVWKHODUJHVWDJJUHJDWHV
XVHGLQWKHPL[WXUHVZHUHPPLQGLDPHWHU+RRNHGVWHHOILEHUVZLWKDOHQJWKRIPPDQGDQDVSHFWUDWLRRI
ZHUH WDNHQ IRU WKH )5&PL[WXUHV 7KH WHQVLOH VWUHQJWK RI WKH ILEHUVZDV 03D DQG WKH\ZHUH DGGHG LQ WKH
UHFRPPHQGHGDPRXQWE\WKHPDQXIDFWXUHUZKLFKLVNJP7KHVOXPSRIWKHVWXGLHGFRQFUHWHVZDV6DVGHILQHG
LQWKHFRGH&61(17RDFKLHYHVXFKZRUNDELOLW\IRUWKH)5&DQLQFUHDVHGGRVDJHRIZDWHUUHGXFHUZDV
XVHG7KHH[DFWPL[FRPSRVLWLRQLVSUHVHQWHGLQ7DEOH
([SHULPHQWDOSURJUDP
&RPSUHVVLYHVWUHQJWKDQGPRGXOXVRIHODVWLFLW\
&RPSUHVVLYHVWUHQJWKDQGVHFDQWPRGXOXVRIHODVWLFLW\ZHUHPHDVXUHGRQF\OLQGHUVZLWKPPGLDPHWHUDQG
KHLJKWRIPP%HFDXVH WKHVWUHQJWKRI WKHEHVWDYDLODEOHFDSSLQJPDWHULDO 03DZDVVLJQLILFDQWO\ ORZHU
WKDQ WKHH[SHFWHGPHDVXUHGVWUHQJWKV WRSVRI WKHF\OLQGHUVZHUHFXWRIIDQGJURXQG7HVWVZHUHSHUIRUPHGXVLQJ
'60WHVWLQJDSSDUDWXV7KHDSSDUDWXVFRQVLVWVRIDVWLIIORDGLQJIUDPHZLWKORDGLQJFDSDFLW\RIN1
7KH ORDGLQJ IUDPH LVSURYLGHGZLWKDK\GUDXOLF VHUYRPHFKDQLVP WKDWDOORZVERWK IRUFH LQFUHPHQWDQGFORVHORRS
IHHGEDFNGHIRUPDWLRQORDGLQJ&RPSUHVVLYHVWUHQJWKZDVPHDVXUHGRQF\OLQGHUVE\PRQRWRQLFLQFUHPHQWVRIORDG
ZLWK DYHUDJH VSHHG RI 03DPLQ XS WR WKH OHYHO RI  RI WKH H[SHFWHG FRPSUHVVLYH VWUHQJWK $W WKLV SRLQW
ORDGLQJZDVVZLWFKHGWRGHIRUPDWLRQFRQWUROZLWKDVSHHGRIPPPLQIRUDERXWPLQXWHVLQRUGHUWRPHDVXUH
SHDNDQGSRVWSHDNEHKDYLRU,QWKHVRIWHQLQJEUDQFKVSHHGZDVLQFUHDVHGWRPPPLQ

0RGXOXVRIHODVWLFLW\ZDVPHDVXUHGXVLQJ WZR VWUDLQJDXJHVZLWKDPPEDVH DWWDFKHG WR WKH VLGHVRI WKH
F\OLQGHU VSHFLPHQ $ K\GUDXOLF ORDGLQJ PDFKLQH '60 ZDV XVHG DQG WKH ORDGLQJ SURFHGXUH ZDV VWUHVV
FRQWUROOHG7KH ORDGLQJSURFHGXUH IRUPHDVXULQJPRGXOXV RI HODVWLFLW\RI WKH VSHFLPHQV IROORZHG&61,62
>@UHFRPPHQGDWLRQV,QWKHILUVWVWHSWKHVSHFLPHQZDVORDGHGWRRIH[SHFWHGPD[LPDOFRPSUHVVLYHVWUHQJWK±
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LQWKLVFDVH03D±IRUVHFRQGV$IWHUZDUGVWKHVSHFLPHQZDVXQORDGHGWR03D7KLVSURFHGXUHZDVUHSHDWHG
WKUHHWLPHV,QWKHVHFRQGVWHSWKHVSHFLPHQZDVORDGHGXQWLOIDLOXUHDQGFRPSUHVVLYHVWUHQJWKZDVGHWHUPLQHG7KH
VHFDQWPRGXOXVRIHODVWLFLW\ZDVFDOFXODWHGIURPWKHWKLUGXQORDGLQJEUDQFK
7KUHHSRLQWEHQGLQJDQGGLUHFWWHQVLOHVWUHQJWK
)OH[XUDOVWUHQJWKLQWKUHHSRLQWEHQGLQJFRQILJXUDWLRQZDVPHDVXUHGRQSULVPVZLWKGLPHQVLRQVRIîî
PPZLWKDVSDQRIPP7KHGHIOHFWLRQZDVPHDVXUHGE\WZROLQHDUYDULDEOHGLIIHUHQWLDOWUDQVIRUPHUV/9'7
SRVLWLRQHGLQWKHPLGGOHRIWKHVSDQDWWKHVLGHVRIWKHVSHFLPHQ7KHORDGLQJVSHHGZDVPPPLQ'LUHFWWHQVLOH
WHVWVZHUHFDUULHGRXWRQGRJERQHVKDSHGVSHFLPHQVZLWKRXWDQRWFK7KHOHQJWKRIWKHVSHFLPHQVZDVPPDQG
WKHFURVVVHFWLRQRI WKHQDUURZHGSDUWZDVîPPZLWKD OHQJWKRIPP%HFDXVHRI WKHVL]HRI WKHPROGV
RQO\VSHFLPHQVZLWKVPDOODJJUHJDWHLH+3&DQG8+3)5&ZHUHWHVWHGLQGLUHFWWHQVLRQ6L[VSHFLPHQVIURPHDFK
FDWHJRU\ZHUH WHVWHG$OO VSHFLPHQVZHUH FDVW LQ OD\HUV ZKLFK OHG WR DOLJQPHQW RI ILEHUV LQ WKH GLUHFWLRQ RI WKH
DSSOLHGORDG7KHGLUHFWWHQVLOHWHVWVZHUHSHUIRUPHGRQ076ORDGLQJPDFKLQH7KHH[WHQVLRQLQWKHHODVWLFUHJLRQ
ZDVPHDVXUHGZLWKWZRVWUDLQJDXJHVPPORQJJOXHGRQERWKQDUURZVLGHV$IWHUWKHORFDOL]DWLRQRIDFUDFNWKH
H[WHQVLRQZDVPHDVXUHGRYHUWKHZKROHQDUURZHGVHFWLRQLHPPZLWKWZR/9'7V
)UDFWXUHHQHUJ\
)UDFWXUH HQHUJ\ ZDV GHWHUPLQHG RQ D WKUHHSRLQWEHQG EHDP XVLQJ ZRUNRIIUDFWXUH PHWKRG 3ULVPV
îîPPZLWKD VSDQRIPPDQGDQRWFKPP ORQJDQGPPZLGHZHUHXVHG 'XULQJ WKH WHVW
GHIOHFWLRQLQWKHPLGGOHRIWKHVSHFLPHQZDVUHFRUGHGE\WZR/9'7VPRXQWHGDWWKHVLGHVRIWKHVSHFLPHQ%DVHG
RQ WKH PHDVXUHG ORDGGHIOHFWLRQ FXUYH RI D VSHFLPHQ WKH ZRUN RI ORDG 3 RQ WKH SRLQWGLVSODFHPHQW X FDQ EH
FDOFXODWHGDV
GX3:
XX
I ³ 

 
ZKHUH:I LV WKHZRUNRI IUDFWXUHDQGXX LV WKH ILQDOGLVSODFHPHQWZKHQ ORDG LV UHGXFHG WR]HUR7KHHIIHFWLYH
IUDFWXUHHQHUJ\*IFDQEHWKHQFDOFXODWHGIROORZLQJ5,/(07&UHFRPPHQGDWLRQDV
 DKE
XJP:* XII 
  
LQ ZKLFK P LV WKH ZHLJKW RI WKH VSHFLPHQ EHWZHHQ VXSSRUWV J LV JUDYLWDWLRQ DFFHOHUDWLRQ XX LV WKH ILQDO
GLVSODFHPHQWE LV ZLGWK RI WKH EHDPK LV KHLJKW RI WKH EHDP DQGD LV OHQJWK RI QRWFK 7KLVPHWKRG LV KLJKO\
GHSHQGHQWRQWKHVL]HRIWKHVSHFLPHQDVZHOODVRQWKHVKDSHDQGOHQJWKRIWKHQRWFK>@,QWKLVUHVHDUFKLWLVXVHG
RQO\ IRU HDV\ FRPSDULVRQEHWZHHQ WKH WHVWHGPDWHULDOV6LPSO\ VWDWHG KLJKHU IUDFWXUH HQHUJ\*IPHDQV LQFUHDVHG
UHVLVWDQFHRIWKHPDWHULDOWRFUDFNIRUPDWLRQDQGRSHQLQJ
5HVXOWVDQGGLVFXVVLRQ
7KH DYHUDJH UHVXOWV RI PHFKDQLFDO SURSHUWLHV DUH SUHVHQWHG LQ 7DEOH  'XULQJ WKH WKUHHSRLQWEHQGLQJ WHVWV
VSHFLPHQVPDGHRI16&VKRZHGVPDOOQRQOLQHDUEHKDYLRUEHIRUHUHDFKLQJ WKHSHDN ORDG+3&VDPSOHVEHKDYHG
OLQHDUO\ HODVWLFDOO\ XS WR WKH EULWWOH WHQVLOHIOH[XUDO IDLOXUH 8+3)5& VKRZHG GXFWLOH EHKDYLRU ,Q WKH XQORDGLQJ
SKDVH RI WKUHHSRLQWEHQGLQJ )5& VDPSOHV H[KLELWHG WHQVLOH VRIWHQLQJ EHKDYLRU DQG 8+3)5& H[KLELWHG WHQVLOH
KDUGHQLQJEHIRUHUHDFKLQJWKHSHDNORDGZKLFKZDVIROORZHGE\WHQVLOHVRIWHQLQJUHJLRQ


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7DEOH0HFKDQLFDOSURSHUWLHVRIWKHVWXGLHGPDWHULDOV
3URSHUW\ 8QLW 16& )5& +3& 8+3)5&
&RPSUHVVLYHVWUHQJWK >03D@    
6HFDQWPRGXOXVRIHODVWLFLW\ >*3D@    
)OH[XUDOVWUHQJWK >03D@    
0LGSRLQWGHIOHFWLRQDWSHDNORDG
IRUWKUHHSRLQWEHQGLQJWHVWV >PP@    
'LUHFWWHQVLOHVWUHQJWK >03D@    
(IIHFWLYHIUDFWXUHHQHUJ\ >-P@    

8QLD[LDO WHQVLOH WHVWV ZHUH SHUIRUPHG RQO\ RQ PL[WXUHV ZLWK VPDOO DJJUHJDWH DQG VKRUW ILEHUV LH +3& DQG
8+3)5& EHFDXVH RI WKH VL]H RI WKH GRJ ERQH VSHFLPHQV 7KH GHWDLOHG PHDVXUHPHQW SURFHGXUH LV GHVFULEHG
HOVHZKHUH>@7KHUHVXOWVRIWKHXQLD[LDOWHQVLOHWHVWVRIWHVWHGFRQFUHWHVDUHSUHVHQWHGLQ)LJ7KHFXUYHVLQ)LJ
DUHDYHUDJHFXUYHVIURPVL[VDPSOHVWRNHHSWKHFKDUWDVFOHDUDVSRVVLEOH,QFDVHRI+3&WKHIDLOXUHZDVVXGGHQ
DQG EULWWOH DW WKH SHDN ORDG 6DPSOHVPDGH RI8+3)5& H[KLELWHG VWUDLQ KDUGHQLQJ SULRU WR UHDFKLQJ SHDN VWUHVV
IROORZHGE\VWUDLQVRIWHQLQJEHKDYLRUGXULQJXQORDGLQJSKDVH)LJ LVGLYLGHG LQWR WZRSDUWV WKDWDUH W\SLFDO IRU
8+3)5&EHKDYLRUD OLQHDUHODVWLFDQGVWUDLQKDUGHQLQJSDUWZKLFK LQFOXGHV WKH OLQHDUHODVWLFVWUHVV ULVHDQG WKH
VWUDLQKDUGHQLQJSDUWRIVWUHVVVWUDLQGLDJUDP,WLVSRVVLEOHWRVD\WKDWHQHUJ\GLVVLSDWLRQLVYROXPHWULFLQWKLVSDUW
EWKHVRIWHQLQJSDUWLQZKLFKWKHHQHUJ\LVGLVVLSDWHGLQDORFDOL]HGFUDFNDWWKHFUDFNVXUIDFH7KHDYHUDJHDSSDUHQW
VWUDLQIRU8+3)5&DWWKHHQGRIVWUDLQKDUGHQLQJUHJLRQZDVPPDWWKHVWUHVVOHYHORI03D
)LJ8QLD[LDOWHQVLOHEHKDYLRURI+3&DQG8+3)5&DOLQHDUHODVWLFSDUWDQGVWUDLQKDUGHQLQJDQGEVRIWHQLQJ


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&RQFOXVLRQ
7KH H[SHULPHQWDOZRUN GHVFULEHG KHUHLQ VKRZHG WKDW LW LV UHODWLYHO\ HDV\ WR FUHDWH DQ8+3)5&ZLWK VXSHULRU
PHFKDQLFDOSURSHUWLHVXVLQJVWDQGDUGPL[LQJDQGFXULQJWHFKQLTXHV+RZHYHUWKHPDLQGLVDGYDQWDJHRI8+3)5&
IUHVKPL[WXUH LV LWVKLJKYLVFRVLW\DQG WKL[RWURS\ LQFUHDVHGFRVWVDQGKLJKUHTXLUHPHQWVRQTXDOLW\FRQWURORI WKH
FRQVWLWXHQWV 7KLV SDSHU GHVFULEHV PHDVXUHPHQW WHFKQLTXHV DQG PHFKDQLFDO SURSHUWLHV RI IRXU W\SHV RI FRQFUHWH
)URPDOOVWXGLHGFRQFUHWHV8+3)5&SHUIRUPHGEHVWDQGVKRZHGKLJKIOH[XUDOFDSDFLW\KLJKGLUHFWWHQVLOHVWUHQJWK
DQGIUDFWXUHHQHUJ\7KHPDLQILQGLQJVRIFRQGXFWHGVWXG\DUHDVIROORZV
x :LWKDQ LQFUHDVH LQ WDUJHWPHFKDQLFDOSDUDPHWHUV+3&DQG8+3)5&EHFRPHPRUH VHQVLWLYH WRTXDOLW\RI WKH
FRPSRQHQWVWKHGLVSHUVLRQRIWKHSDUWLFOHVPL[LQJSURFHGXUHWKHVSHFLPHQSUHSDUDWLRQDQGFXULQJ
x 7KHEULWWOHEHKDYLRURI+3&LVJUHDWO\LPSURYHGZKHQVKRUWVWHHOILEHUVDUHDGGHGLQWRWKHPL[DVDUHSODFHPHQW
RIFRDUVHDJJUHJDWH
x 'XULQJ WKH GLUHFW WHQVLOH WHVWV PXOWLSOH HYHQO\ VSDFHG FUDFNLQJ ZDV REVHUYHG DW WKH VLGHV RI WKH 8+3)5&
VSHFLPHQV ZKLFK LQGLFDWHV VWUDLQ KDUGHQLQJ EHKDYLRU 7KH IDLOXUH PRGH ZDV SXOORXW RI WKH ILEHUV ZKLFK
LQFUHDVHVWKHFDSDFLW\WRDEVRUEHQHUJ\
x 7KHIUDFWXUHHQHUJ\RI8+3)5&LVDSSUR[LPDWHO\WLPHVKLJKHUWKDQWKDWRIFRQYHQWLRQDO)5&
$FNQRZOHGJHPHQWV
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
5HIHUHQFHV
>@ 6+ 3DUN'- .LP*6 5\X.7.RK 7HQVLOH EHKDYLRU RI8OWUD+LJK 3HUIRUPDQFH+\EULG )LEHU 5HLQIRUFHG&RQFUHWH &HPHQW DQG
&RQFUHWH&RPSRVLWHVS
>@.:LOOH'-.LP$(1DDPDQ6WUDLQKDUGHQLQJ8+3)5&ZLWKORZILEHUFRQWHQWV0DWHU6WUXFWS
>@6%HQVRQ%.DULKDORR&$5',)5&'HYHORSPHQWDQGPHFKDQLFDOSURSHUWLHV3DUW,'HYHORSPHQWDQGZRUNDELOLW\0DJD]LQHRI&RQFUHWH
5HVHDUFKS
>@ ( 9HMPHONRYi 3 .RQYDOLQND 3 3DGHYČW 5 ýHUQê 7KHUPRSK\VLFDO DQGPHFKDQLFDO SURSHUWLHV RI ILEHUǦUHLQIRUFHG FRPSRVLWH PDWHULDO
VXEMHFWHGWRKLJKWHPSHUDWXUHV-RXUQDORI&LYLO(QJLQHHULQJDQG0DQDJHPHQWS
>@.:LOOH$(1DDPDQ*-3DUUD0RQWHVLQRV8OWUD+LJK3HUIRUPDQFH&RQFUHWHZLWK&RPSUHVVLYH6WUHQJWK([FHHGLQJ03DNVL$
6LPSOHU:D\$&,0DWHU-S
>@%$*UD\EHDO&RPSUHVVLYHEHKDYLRURIXOWUDKLJKSHUIRUPDQFHILEHUUHLQIRUFHGFRQFUHWH$&,0DWHU-S
>@(9HMPHONRYi3.RQYDOLQND33DGHYČW/.RSHFN\0.HSSHUW5&HUQ\0HFKDQLFDO+\JULFDQG7KHUPDO3URSHUWLHVRI&HPHQW%DVHG
&RPSRVLWHZLWK+\EULG)LEHU5HLQIRUFHPHQW6XEMHFWHGWR+LJK7HPSHUDWXUHV,QW-7KHUPRSK\VS
>@35RVVL$$UFD(3DUDQW3)DNKUL%HQGLQJDQGFRPSUHVVLYHEHKDYLRXUVRIDQHZFHPHQWFRPSRVLWH&HP&RQFU5HVS

>@35LFKDUG0&KH\UH]\&RPSRVLWLRQRIUHDFWLYHSRZGHUFRQFUHWHV&HP&RQFU5HVS
>@9%LQGLJDQDYLOH1%DQWKLD%$DUXS,PSDFWUHVSRQVHRIXOWUDKLJKVWUHQJWKILEHUUHLQIRUFHGFHPHQWFRPSRVLWH$&,0DWHU-
S
>@%&DYLOO*&KLUJZLQ 7KHZRUOG¶V ILUVW53& URDGEULGJH DW 6KHSKHUGV*XOO\&UHHN16:$XVWURDGV EULGJH FRQIHUHQFH WK+REDUW
7DVPDQLD$XVWUDOLD
>@.+DEHO3*DXYUHDX5HVSRQVHRIXOWUDKLJKSHUIRUPDQFHILEHUUHLQIRUFHGFRQFUHWH8+3)5&WRLPSDFWDQGVWDWLFORDGLQJ&HPHQWDQG
&RQFUHWH&RPSRVLWHVS
>@ý61,62&RQFUHWH'HWHUPLQDWLRQRIVWDWLFPRGXOXVRIHODVWLFLW\LQFRPSUHVVLRQ,Q&]HFK
>@=3%D]DQW$QDO\VLVRIZRUNRIIUDFWXUHPHWKRGIRUPHDVXULQJIUDFWXUHHQHUJ\RIFRQFUHWH-(QJ0HFKS
>@30DFD-=DWORXNDO3.RQYDOLQND'HYHORSPHQWRI8OWUD+LJK3HUIRUPDQFH)LEHU5HLQIRUFHG&RQFUHWHPL[WXUH%XVLQHVV(QJLQHHULQJ
DQG,QGXVWULDO$SSOLFDWLRQV,6%(,$,(((6\PSRVLXPRQ,(((S
